ABSTRACT
INTRODUCTION
Bronchopulmonary dysplasia (BPD) is pathological condition interchangeably used with chronic lung disease (CLD) that develops in preterm neonates treated with oxygen and positivepressure ventilation. The pathogenesis of this condition remains complex and poorly understood; however various factors can not only injure small airways but also interfere with alveolarization (alveolar septation), leading to alveolar simplification with a reduction in the overall surface area for gas exchange. The developing pulmonary microvasculature can also be injured (1) ( Figure 1 ).
Figure 1:
Chest radiograph of infant with bronchopulmonary dysplasia (1) . CLD was in the past defined as oxygen requirements beyond 28 days with abnormal x-ray (2) . However, a more meaningful definition in the current era is respiratory support (supplemental oxygen or CPAP in air) beyond 36 weeks postconceptual age (3) . CLD is associated with low lung compliance, increased pulmonary resistance and increased energy used for breathing result in: exacerbations due to respiratory infections in first year of life, especially with RSV resulting in increased incidence of rehospitalisation , pulmonary hypertension if adequate oxygen is not maintained (with subsequent cor pulmonale and death), Increased incidence of bronchial hyper-reactivity (4) , Minimal functional abnormalities at long term follow up (5) . Longer stay in hospital, persistent oxygen and ventilation requirements. BPD have significantly worse developmental outcomes including poorer cognitive outcomes, more developmental delays and higher rates of learning disabilities even after adjustment for confounding (6) . It is not clear to what extent CLD causes the sequelae, or to what extent the problem leading to CLD (eg infection) caused the sequelae (6) . Increased incidence of growth failure (weight and stature) as a consequence of increased energy expenditure, abnormal sucking patterns and iatrogenic limitation of fluids (4) . New bronchopulmonary dysplasia (new BPD) is characterized, in part, by arrested alveolar and vascular development of the immature lung (7) .Affected infants suffer from long-term pulmonary and nonpulmonary sequel. The pulmonary sequels include reactive airway disease and asthma during childhood and adolescence (8) .Nonpulmonary long-term sequels include poor coordination and muscle tone, difficulty in walking, vision and hearing problems, delayed cognitive development, and poor academic achievement (9) . The proposed etiology of new BPD is the initiation of inflammatory mediators that cause impairment of alveolarization and vasculogenesis (10) .The lacking anti-inflammatory mediators in the preterm neonate may be inundated easily by the proinflammatory cascade. A difference in the release of pro-and anti-inflammatory cytokines, occurring as a result of intrauterine/postnatal infection (sepsis), ventilator trauma, oxidants, pulmonary edema, or sepsis, damages the immature lung.
Corticosteroids are potent drugs which may improve lung function in infants with chronic lung disease by a number of different mechanisms. It has been suggested that they might have a role to play in the prevention of chronic lung disease by suppressing the inflammatory response in the lungs of infants at risk (11) .It has also been shown that infants who develop chronic lung disease have low cortisol levels following adrenocorticotrophic hormone (ACTH) stimulation during the first week of life (12) .To be effective in preventing chronic lung disease corticosteroids may have to be given within the first few days of life. 3146 Various mechanisms have been described for beneficial effect of steroids on lung mechanics in infants with BPD. Various steroids of different potency have been studied at various timings; in different dosing regimens; for different duration; in different forms (including intravenous, inhalational, intratracheal, and recently intratracheal with surfactant as a vehicle). Amongst systemically used steroids, dexamethasone comes as the most potent and most studied one. It has been studied in early (<7 days), moderately early (7-14 days) and late/delayed (>14 days), postnatal periods and dosing ranging from 0.1 mg/kg/day to 0.5 mg/kg/day and duration ranging from 3 days to 42 days. Hydrocortisone comes second. Beclomethasone is the most commonly used inhalational steroid for BPD. Recently, budesonide has been tried as intratracheal instillation with or without surfactant as a vehicle and shown to reduce inflammatory marker in tracheal aspirates in initial clinical trials (13) . Corticosteroids are given either parenterally or enterally. It is not clear if early use of corticosteroids provides long-term benefits; nor is it clear that adverse neurological outcomes found in animal studies do not apply to the immature human newborn infant.
The present review is intended to examine the relative benefits and adverse effects of postnatal corticosteroids commenced to preterm infants at risk of developing chronic lung disease.
MATERIALS AND METHODS

Search methods
We carried out a systematic review for RCTs including postnatal corticosteroid therapy in neonates diagnosed as with BPD/CLD. Data sources: Cochrane Library, MEDLINE (from 1955), Embase (from 1970), the Transfusion Evidence Library (from 1980), and ongoing trial databases; all searches current to September 2017. The search terms were used in combinations and together with the Boolean operators OR and AND. Search terms used were: "POSTNATAL CORTICOSTEROIDS", "BRONCHOPULMONARY DYSPLASIA", "C HRONIC LUNG DISEASES" ,"PRETERM INFANTS", "NEONATES". 782 articles initially matched the stipulated criteria and were included in the current review. 
Study selection and criteria
Data extraction
Two reviewers independently reviewed studies, abstracted data, and resolved disagreements by consensus. Studies were evaluated for quality. A review protocol was followed throughout. We sought information regarding the method of randomization, blinding, stratification, reporting of the outcome of all the infants enrolled and whether the trial was single or multicentre. Information on the trial participants included birth weight, gestational age, severity of respiratory distress syndrome, need for mechanical ventilation and surfactant, and gender. We analyzed information on clinical outcomes for mortality, survival without chronic lung disease, chronic lung disease defined at 28 days and 36 weeks' postmenstrual age, failure to extubate, pneumothorax, infection, hyperglycaemia, hypertension, severe retinopathy of prematurity, patent ductus arteriosus, severe intraventricular haemorrhage, periventricular leukomalacia, necrotizing enterocolitis, gastrointestinal bleeding, intestinal perforation and need for late corticosteroid treatment, as well as long-term outcomes including blindness, deafness, cerebral palsy and major neurosensory disability. For each study, one review author entered the final data into Review Manager (RevMan) 5 software (RevMan 2012) (14) and then a second review author checked for accuracy. We resolved discrepancies through discussion or by involving a third assessor.
We attempted to contact authors of the original reports to provide further details when information regarding any of the above was unclear.
Assessment of risk of bias in included studies
We used the standard method of the Cochrane Neonatal Group for assessing the methodological quality of the studies. The authors independently assessed the risk of bias for each study using the criteria outlined in the Cochrane Handbook for Systematic Reviews of Interventions (15) . We resolved any disagreement by discussion or by including a third assessor. The study was done according to the ethical board of King Abdulaziz university.
Statistical synthesis
Fixed-effect model was used for all meta-analyses (16) . We performed the analysis using RevMan 5 (14) , supported by The Cochrane Collaboration. We used the Mantel-Haenszel method for estimates of typical risk ratio and risk difference. No continuous outcomes were included in this review. We analyzed continuous measures using the inverse variance method, if included.
Subgroup analysis and heterogeneity
We included subgroup analyses by the type of corticosteroid used (dexamethasone or hydrocortisone) where there were sufficient numbers of trials to make such subgroup analyses meaningful.
Sensitivity analysis
Sensitivity analyses were intended for situations where this might affect the interpretation of significant results (risk of bias related with the quality of some of the included trials or missing outcome data). We concluded that none were necessary in the present review.
RESULTS
Searches identified 782 publications in addition to
another 16 publications that were found through manual research. After removal of duplicates, abstracts and titles 301 publications were assessed as identified from title and abstract, and 173 papers were excluded. 13 papers full text could not be retrieved and another 91 papers with the same cohort. There were also 69 papers excluded because they did not meet the study outcomes. We followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines in reporting the results Finally, 7 studies were included and detailed as the focus for the present study. (17) .
Characteristics of included studies
Seven Studies met the inclusion criteria (18,19,20,21,22,23,24) Most of the trials enrolled low birth weight infants with respiratory distress syndrome who were receiving mechanical ventilation. Table 1 Screening Included Eligibility
Identification
Records identified through database searching (n = 782)
Additional records identified through other sources (n =16)
Records after duplicates removed (n = 301)
Records screened (n = 301)
Records excluded after screening of the abstract (n =121)
Full-text articles assessed for eligibility (n = 180)
Full-text articles excluded, (n =173) based on the below criteria: 1-Not retrieved (n=13) 2-Irrelevant study endpoint-(n=69) 3-Multiple publications of same cohort (n= 91)
Studies included in qualitative synthesis (n = 7)
Studies included in quantitative synthesis (meta-analysis) (n =7) 
2012
366 Infants 23 to 26 completed weeks' gestation with study-defined low blood pressure Multicentre, randomized, placebocontrolled trial
The corticosteroid administered was usually dexamethasone and the most common treatment regimen was 0.50 mg/kg/day for three days followed by 0.25 mg/kg/day for three days, 0.12 mg/kg/day for three days and 0.05 mg/kg/day for three days. There was, however, considerable variation in treatment regimens, including short courses of one to two days and longer courses of up to four weeks. Nine studies used hydrocortisone. 
2005
Hydrocortisone 2.0 mg/kg/day intravenously 8-hourly for 2 days, 1.5 mg/kg/day 8-hourly for 2 days, 0.75 mg/kg/day 12-hourly for 6 days Control infants received isotonic saline as placebo. The first dose was given before 36 hours. Use of open-label corticosteroids was discouraged Survival without BPD (oxygen at 36 weeks), IVH (grades III or IV), cystic PVL, durations of ventilation, oxygen and hospital stay, sepsis, hyperglycaemia, hypertension, PDA, GI bleeding, GI perforation, NEC, ROP and cortisol levels. Long-term outcomes: neurosensory impairments (blindness, deafness, developmental delay assessed by MDI on Bayley scales, cerebral palsy) and disabilities (severe -any of severe cerebral palsy (not likely to walk), blindness or severe developmental delay (MDI < 55, moderatemoderate cerebral palsy (not walking at 2 years but likely to do so), deafness, moderate developmental delay (MDI 55 to < 70), mild -mild cerebral palsy (walking at 2 years) or mild developmental delay (MDI 70 to < 85) Ng et al. 
Meta-analysis Results
There were significant beneficial outcomes such as lower rates of failure to extubate and decreased risks of chronic lung disease at both 28 days (RR 0.84, 95% CI 0.83 to 0.87) and 36 weeks' postmenstrual age (RR 0.77, 95% CI 0.72 to 0.84), death or chronic lung disease at 28 days (RR 0.9, 95% CI 0.85 to 0.96)and 36 weeks' postmenstrual age (RR 0.91, 95% CI 0.87 to 0.96) , patent ductus arteriosus and ROP, including severe ROP. Nevertheless, there were no significant differences in the rates of neonatal or subsequent mortality (RR= 1.06, 95% CI 0.93, 1.26), infection, severe intraventricular haemorrhage, periventricular leukomalacia(RR 1.16, 95% CI 0.9 to 1.46), necrotizing enterocolitis or pulmonary haemorrhage(RR 1.21, 95% CI 0.83 to 1.62). In contrast, gastrointestinal bleeding (RR 2.13, 95% CI 1.41 to 2.84) and intestinal perforation (RR 1.77, 95% CI 1.46 to 2.1) were important adverse effects. Moreover, several adverse neurological effects were found at follow-up examinations, including developmental delay (RR 1.72, 95% CI 1.4 to 2.05) and cerebral palsy (RR 1.56, 95% CI 1.03 to 2.1). Additionally, the rates of the combined outcomes of death or cerebral palsy (1.92, 95% CI 1.18 to 2.67), or of death or major neurosensory disability (RR 1.25, 95% CI 0.98 to 1.53), were not significantly increased. In subgroup analyses by type of corticosteroid, most of the advantageous and disadvantageous effects were related chiefly to dexamethasone whilst hydrocortisone had slight effect on any of the outcomes except for an increase in intestinal perforation and a borderline reduction in patent ductus arteriosus. The overall risk for bias was low as all were RCTs using robust methods.
DISCUSSION
As the pathogenesis of BPD is multifactorial, so are the mechanisms to respond to steroid therapy. Since inflammation seems to play a critical role in the evolution of BPD, benefit seen with glucocorticoids most likely mediates through its anti-inflammatory effect.
Lung inflammation is downregulated by dexamethasone therapy. Groneck et al. evaluated the tracheobronchial aspirate from preterm infants at high risk of BPD. The number of neutrophils and concentrations of leukotriene B4, interleukin-1, elastase-α1-protease inhibitor, and albumin were decreased after dexamethasone treatment (25) . It indicates that dexamethasone affects the release of inflammatory mediators and neutrophils influx into the airways of preterm infants who require mechanical ventilation and decreases the microvascular permeability. Pulmonary edema is the hallmark of BPD; dexamethasone has been shown to reduce the pulmonary edema in infants with BPD.
Corticosteroids are potent drugs which may improve lung function in infants with chronic lung disease by a number of different mechanisms. It has been suggested that they might have a role to play in the prevention of chronic lung disease by suppressing the inflammatory response in the lungs of infants at risk (11) . It has also been shown that infants who develop chronic lung disease have low cortisol levels following adrenocorticotrophic hormone (ACTH) stimulation during the first week of life (26) . To be effective in preventing chronic lung disease corticosteroids may have to be given within the first few days of life.
Dexamethasone is a potent, long-acting steroid with exclusive glucocorticoid effect. When compared to hydrocortisone, dexamethasone is 25-50 times more potent. The half-life is 36-54 hours. Dexamethasone has been extensively studied in neonatal medicine and has shown to improve pulmonary function, facilitate extubation, and decrease the incidence of BPD (27) . However, many associated adverse side effects prevent the routine use of dexamethasone. The short-term side effects include hyperglycemia, hypertension, hypertrophic cardiomyopathy, gastrointestinal bleeding, and perforation. The risk of gastrointestinal perforation increases with concomitant indomethacin treatment (28) . There is also a concern with the chronic suppression of the hypothalamic-pituitary-adrenal axis (29) . and long-term neurodevelopmental delay (30) . The present systematic review found that early (≤ 7 days) postnatal corticosteroids for preventing chronic lung disease in preterm infants, in the regimens used, have significant short and long-term effects, both beneficial and harmful. A significant problem in interpreting the late follow-up data is that only 12 of the 28 trials of early postnatal corticosteroids have reported follow-up results; therefore, the possibility of follow-up bias and publication bias must be considered. Potential limitations of the study with a significant increase in the rate of cerebral palsy are that only 84% of surviving infants were examined and the age of assessment was in early childhood (31) . It is important to remember that cerebral palsy had been diagnosed before the children were five years of age in most cases; diagnosing cerebral palsy with certainty before five years of age is problematic (32) . In the other study where the rate of cerebral palsy was significantly worse at two years of age, with 81% follow-up, the difference became nonsignificant at eight to nine years, an age when the diagnosis of cerebral palsy is more certain, and where the follow-up rate was much better (92%) (33) illustrating the importance of age of assessment and high follow-up rates. No study was designed primarily to test the effect of postnatal corticosteroids on adverse long-term neurosensory outcome and all were underpowered to detect clinically important differences in long-term neurosensory outcome.
CONCLUSION
Despite the fact that early corticosteroid treatment can have beneficial outcome for BPD management through facilitation of extubation and decreasing the risk of chronic lung disease and patent ductus arteriosus, it, on the other hand, results in short-term adverse effects including gastrointestinal bleeding, intestinal perforation, hyperglycaemia, hypertension, hypertrophic cardiomyopathy and growth failure.
Clinicians should carefully assess the risks of a short course of glucocorticoid therapy to mitigate BPD for premature neonates such that an individualized decision should be made in conjunction with the infant's parents.
